Introduction
Kussmaul and Maier (1886) described vasculitides from a large family of different disease entities. Their common feature is inflammation of blood vessel walls. A classification scheme is based on the vessel size. 1 The group of small vessel vasculitides involves anti-neutrophil cytoplasmic antibodies (ANCA)-associated systemic vasculitides (AASV). In 1982 Davies et al 2 described ANCA in a patient suffering from a segmental necrotizing glomerulonephritis. In the following years many groups demonstrated that ANCA themselves may play a pathogenic role in Wegener granulomatosis (WG), microscopic polyangiitis (MP) and Churg-Strauss syndrome (CSS). [3] [4] [5] [6] Depending on the antigen specificity, two types of ANCA have been identified: anti-proteinase 3 (PRTN3)-ANCA and anti-myeloperoxydase (MPO)-ANCA. 7 Both antigens are neutral serine proteases and common components of the azurophil granules of polymorphonuclear (PMN) cells. WG is strongly associated with PRTN3-ANCA, whereas ANCA in CSS and MPA are often directed against MPO. Present knowledge is incomplete concerning the pathogenesis of AASV and the involvement of ANCA in the development of vasculitides. that ANCA contribute to the pathogenesis of AASV. 8 The binding of ANCA on PMN membrane is mediated by Fc␥R and PRTN3. 9, 10 Successively, the signal is transmitted through unidentified signalling pathways into the cell and it induces degranulation of lysosomal enzymes and oxidative bursts of PMN. Circulating PMN expressing the target antigens were not activated by ANCA in vivo. However, the activation of primed PMN adhering to a monolayer of endothelial cells resulted in degranulation and lysis of endothelial cells (EC). 11 In addition, ANCA induced and/or increased the expression of cell adhesion molecules (CAM), ie, Mac-1, ICAM-1, VCAM-1 and P-selectin in vitro. [12] [13] [14] [15] The consequence is an increased adhesion of PMN to EC. CAM mediate the interaction between PMN with other inflammatory cells and the endothelium. 16 They are involved in the process of slowing, rolling, tight adhesion of PMN to EC and, finally, the transmigration into extravascular tissue. 17 Furthermore, Mac-1 cooperates with Fc␥RIII in generation of respiratory burst. 18 In a previous study we have examined known polymorphisms of diverse CAM and found an association between a polymorphism in the CD18 gene (subunit of Mac-1) and MPO-ANCA + patients. 19 Here we screened all exonic regions of the CD18 gene with the aim to characterize functionally relevant parts of the CD18 gene involved in the pathophysiology of AASV.
Results
Altogether 10 SNP regions were demonstrated in the 16 exons of the CD18 gene by single-strand conformation polymorphism (SSCP) analyses, all representing silent nucleotide exchanges. The localizations of the SNP and the allelic distributions in ANCA patients and healthy control persons are summarized in Table 1 .
In the 5Ј-region of the CD18 gene a transversion at position 65 from T to C was identified. The 65C is significantly overrepresented in MPO-ANCA + patients (79%) compared to the control group (65%; P = 0.05). In the second exon a C44T exchange was exclusively found in MPO-ANCA + patients (5%, P = 0.012) and PRTN3-ANCA + patients (2%), but not in the control group (0%). In the upstream flanking intronic sequence of exon 6 substitution T-1G was evident in decreased frequency in MPO-ANCA + patients (69%) when compared with the control group (83%; P = 0.045; OR = 2.2). Similarly, in upstream flanking intronic sequence of exons 7 (G-3A) and 10 (C28A) two SNPs were found overrepresented in MPO-ANCA + patients, but did not reach statistical significance (OR = 0.7 each). Two additional polymorphisms were evident in exon 2 (G37T) and exon 7 (A88G) showing no association. In exon 11 a polymorphic thymidine to cytosine transversion affecting the restriction enzyme Avall recognition sequence was shown to be highly overrepresented in MPO-ANCA + patients. 19 Finally, a MPO-ANCA + patient was shown to carry a C to T mutation changing the amino acid arginine to tryptophan in exon 13 in heterozygous state. This mutation has previously been described in a patient with leukocyte adhesion defiency.
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Discussion
The localisation of primary vasculitis lesions are the vessel walls. CAM are necessary for the interaction between PMN and the endothelium playing a crucial role in the pathogenesis of vasculitides. 16, 21 The CAMs, CAM activators and chemoattractants form the adhesion cascade (AC). 17 The AC can be divided into three phases. Members of the selectin family mediate the initial phase, the so-called rolling. The second step is firm adhesion and activation of PMN and requires the ␤2-integrin family proteins (ie, LFA-1, Mac-1 or CR-3, VLA-4). Finally, the optional transmigration of PMN into perivascular tissue is mediated by PECAM, a member of the immunoglobulin superfamily. The importance of ␤2-integrin family in the process of adhesion is illustrated by an autosomal recessively transmitted immunodeficient condition, leukocyte adhesion deficiency (LAD). 22 Different deleterious mutations in the CD18 gene were described that led to insufficient expression of the molecule. In consequence, LAD patients suffer from recurrent, life-threatening bacterial infections. Specific alleles of polymorphic adhesion molecules were associated with complex diseases like atherosclerosis, myocardial infarction, malaria or inflammatory bowel disease. [23] [24] [25] [26] [27] AASV are multifactorial diseases and exogenous and endogenous factors are important for the development of the disease. However, the etiology of AASV is still unknown. Genetic variants of various immunorelevant genes were shown to increase the risk of disease susceptibility. 8, 28, 29 We have previously described an association of certain alleles of the CD18 gene and MPO-ANCA + vasculitis. 19 In order to further characterize the underlying functional basis of this association we have performed a mutation/polymorphism screen of the CD18 gene. Our results show that the CD18 gene is not polymorphic at the aminoacid level. Therefore, the putative proinflammatory effect is not due to an increased binding capability of the CD18 chain in the Mac-1 heterodimer. However, the significance of 'silent' polymorphisms on the translation can only be ruled out by experimental studies on the RNA level, as such changes may lead to altered splicing properties. 30, 31 The other possibility for a functional basis of the association of MPO-ANCA + AASV and the CD18 gene is skewed expression of protein CD18. Overexpression might distort the balance between the adhesion and release of receptor-ligand interactions of PMN and EC. This proadhesive phenotype of CD18 may finally increase the damage of EC caused by respiratory burst and lysosomal enzyme release of PMN. Of great interest is the T65C exchange in the 5Ј-region of CD18. The CD18 lacks TATA and CAAT boxes. A 79 nucleotide fragment represents the minimal promotor required for gene expression. 32 PU.1, GABP and Sp1 were identified as trans-acting factors cooperating to activate CD18 transcription. 33, 34 The CD18 promotor has multiple transcription initiation sites that are clustered in a 45-nt region. 35, 36 As demonstrated in Figure 1 one minor and two major transcription start points were obtained by RACE analysis of cDNA clones (Figure 1   36 ). The T65C SNP colocalizes with the intermediate transcriptional start site. We speculate that the T65C SNP might influence transcription initiation and by this way may influence CD18 expression. Firstly, if the transcription start is upstream of the T65C SNP, a sequence variation of the 5Ј-UTR could modulate translational efficiency via altering the stability, mRNA secondary structure changes or via differential affinity of RNA binding proteins. 37 On the other hand, two SP1-binding sites ). The most upstream transcription initiation would lead to decreased transcriptional effectivity through inactivation of the proximal SP1-site. In reporter gene experiments the loss of the proximal SP1-box leads to a decrease of the gene expression by about 25%. 33 Finally, as regulatory elements may be localized several kilobases away from the 5Ј-end of a gene, another linked polymorphism cannot be ruled out at present.
Out of 10 SNPs distributed over all of the 16 exons of the CD18 gene 6 show altered allele frequency distribution in MPO-ANCA + but not in PRTN3-ANCA + patients. This association is even more interesting in the context, that in a group of only 30 MPO-ANCA + patients statistical significance is demonstrable-an argument for a relatively homogenous genetic background of patients with CSS and MPA.
Materials and methods
Patients and controls
The study was performed with groups of 31 MPO-ANCA + and 76 PRTN3-ANCA + patients and matched controls characterized previously.
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DNA analysis DNA was extracted according to the protocol by Miller et al. 38 Primers were designed in order to amplify exonic and corresponding flanking intronic sequences including splice-relevant sites. The primers used in the study are listed in Table 2 . The PCR products were analysed by SSCP method on 6% PAA gels with either 10% glycerol or 5% glycerol and 1 M urea. Electrophoresis was performed at 55 W and at 4°C or 20°C, respectively. DNA sequencing was performed using the dye terminator cycle sequencing on an ABI377 automatic sequencer.
Statistics
Allele and genotype frequencies were compared between the MPO-ANCA + patients, PRTN3-ANCA + patients and the controls with the 2 -test. Odds ratios (OR) were calculated as described. 39 
